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ABSTRACT 



Described herein is an ultrasound imaging system 
which essentially comprises: an ultrasound probe hav- 
ing an elongated flexible body rotatably supporting an 
ultrasound transducer on a tip end portion thereof; an 
operating unit including means for scanning the ultra- 
sound probe; a flexible cord having one end thereof 
securely fixed to the operating unit and the other end 
detachably connected to an ultrasound image observa- 
tion terminal; and a rotary connector composed of rela- 
tively rotatable members and inserted in the wiring 
leading from the ultrasound transducer to a connector 
means connecting the flexible cord to the ultrasound 
image observation terminal, 

6 Claims, 6 Drawing Sheets 
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However, when torsionally turning the insert section 

ULTRASOUND-IMAGING DIAGNOSTIC SYSTEM of the probe in the biopsy channel of the endoscope 

directly by a manual operation, a difficulty is often 
BACKGROUND OF THE INVENTION encountered in transmitting the turning moment 
"1 Field of the Invention 5 smoolnJ y t0 tne ultrasound transducer due to inferior 
This invention relates to an ultrasound-imaging sys- operationability particularly in controlling the direction 
tem employing an ultrasound probe to be inserted into of the transducer. Besides, as a cable from the ultra- 
patients body for ultrasound examination or diagnosis. sound transducer is normally blocked against rotation at 
2. Prior Art ' ts proximal end which is connected to an operating 
The ultrasound imaging system is generally com- 10 unit, the cable is twisted in the proximal portion when it 
posed of an ultrasound transmitter-receiver or trans- is operated to rotate the ultrasound transducer, instabil- 
ducer and an ultrasound image observation terminal, uing and causing positional deviations of the ultrasound 
the observation terminal including ultrasound signal transducer by the righting force of the twisted cable 
transmission and reception circuits, a signal processing portion. Accumulation of such twist takes place when 
circuit for processing the ultrasound echo signals re- 15 the operation is repeated, inviting further deteriorations 
ceived by the reception circuit, and a monitor for view- ^ controllability and, in case of accumulation of a large 
ing an ultrasound image. The ultrasound imaging sys- number of twists, causing a disconnection in wiring 
terns of this sort are widely used in the medical field, cab, e which is inserted in a sheath material of the probe, 
transmitting ultrasound energy into a body through an 2Q Further, in controlling the direction and posture of 
ultrasound transducer and transferring return signals to the ultrasound transducer, it is often the case that the 
the signal processing circuit of the ultrasound observa- operator of the ultrasound imaging system does not pay 
tion terminal to display the information concerning much attention to the twisting of the cable. For control- 
intracorporeal tissue as an ultrasound image on the ling the posture of the ultrasound transducer, it is the 
monitor screen. 25 general practice to turn the cable in a certain predeter- 
In this connection, for the purpose of improving the mined direction, so that the cable is usually twisted to a 
accuracy and functions of the ultrasound examination considerable degree, in spite of the instabilization of the 
or diagnosis, there have come into use ultrasound exam- position and posture of the ultrasound transducer and 
ination systems which are arranged to insert an ultra- high possibility of wire disconnection in the cable. In 
sound transducer into patient's body to transmit and 30 this regard, it is conceivable to restrict the rotational 
receive ultrasound signals at a position close to an intra- angle of the cable, which however gives rise to a prob- 
corporeal structure to be examined or diagnosed. Fur- lem of deterioration of controllability in controlling the 
ther, as proposed in U.S. Pat. No. 4,802,487, there have direction and posture of the ultrasound transducer. 

S^b^ JS SUMMARY OF THE INVENTION 

vides, in addition to the optical examination and diagno- In view of the problems or difficulties stated above, 
sis through an endoscope, the ultrasound information the present invention has as its object the provision of 
on the tissue of an intracavitary structure of interest by an ultrasound-imaging examination system which is 
inserting into patient's body a narrow ultrasound probe arranged to prevent twisting of a proximal portion of a 
or catheter having an ultrasound transducer at its tip 40 cable from an ultrasonic transducer in rotating opera- 
end under guidance of an endoscope. For this purpose, tions which control the direction and posture of the 
the ultrasonic probe is inserted into a biopsy instrument ultrasound transducer. 

channel which is usually provided in the endoscope for In accordance with the present invention, there is 
insertion of forceps or other treating instruments, pro- provided, for achieving the above-stated objective, an 
truding the ultrasound transducer from the tip end of 45 ultrasound imaging system which essentially includes: 
the biopsy channel for transmission and reception of ■ an ultrasound probe having an elongated flexible body 
ultrasound energy. rotatably supporting an ultrasound transducer on a tip 

In such ultrasound examination or diagnosis, it is the end portion thereof; an operating unit having means for 
general practice to bring the ultrasound transducer into scanning the ultrasound probe; a flexible cord having 
intimate contact with an intracavitary wall or the like or 50 one end thereof securely fixed to the operating unit and 
to position the ultrasound transducer to face an intraca- the other end detachably connected to an ultrasound 
vitary wall through intervention of an ultrasound trans- image observation terminal; and a rotary connector 
missive medium like water, holding the ultrasound composed of relatively rotatable members and inserted 
transducer in certain direction and posture with respect in the wiring from the ultrasound transducer to a con- 
to the intracavitary wall during transmission and recep- 55 nector means between the flexible cord and the ultra- 
tion of ultrasound waves. Besides, in case of an ultra- sound image observation terminal, 
sound imaging system using an endoscopically inserting The above and other objects, features and advantages 
ultrasound probe, it is necessary to adjust the direction of the invention will become apparent from the folio w- 
and posture of the ultrasound transducer through re- ing description and the appended claims, taken in con- 
mote control. For this purpose, a manual rotating mech- 60 junction with the accompanying drawings which show 
anism is provided in association with a rear end portion by way of example a preferred embodiment of the in- 
of the catheter or insert section of the probe outside the vention. 

^^£%£Z^ B ZS22Z BR1EF ascription of the drawings 

of the rotating mechanism for controlling the direction 65 In the accompanying drawings: 

and posture of the ultrasound transducer. In case of a FIG. 1 is a schematic view of an ultrasound-image 

mechanical radial scan type, the insert section is con- diagnostic system embodying the present invention, 

nected to a mechanical rotational drive means. showing the general construction of the system; 
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FIG. 2 is a longitudinal section of an insert body of 10. The ultrasound transducer 4 is scanned over a pre- 

ultrasound probe; determined range by pulling and pushing the insert 

FIG. 3 is a fragmentary sectional view of the ultra- body 2 back and forth through the operating unit 10. 

sound probe, showing its connections to an operating For this purpose, as shown in FIG. 3, an operating rod 

unit and a rotator mechanism; 5 11 is axially slidably provided in a main casing lOa of 

FIG. 4 is an outer view of a connector pipe; the operating unit 10, the operating rod 11 having a 

FIG. 5 is a wiring diagram of an ultrasonic signal finger hooker ring 11a at its outer end. Further, the 

transmission-reception system; and operating rod 11 is securely fixed to a connector arm 12 

FIG. 6 is a sectional view of a signal transferable which is in turn releasably fastened to a proximal por- 

rotary connector. 10 tion of the insert body 2, which is loosely folded into a 

np<srp TPTinw r»F pprrppp pr> loop-like shape over a predetermined length behind the 

^^^SmDIMhStc^^ connector afm 12 At the ^ ^ thc msert bQdy 2 is 

provided with an electrical connector member 2a 
Hereafter, the invention is described in greater detail which is detachably connective to the main casing lOfl. 
by way of the preferred embodiment shown in the 15 In order to retain the insert body 2 in a loop-like shape 
drawings. between the connector arm 12 and the connector mem- 
Referring to FIG. 1, there is shown the general ar- ber 2a, a sheathing tube 5a of relatively high rigidity is 
rangement of an ultrasound diagnostic system accord- Fitted on the sleeve 5 at the base end portion of the insert 
ing to the present invention, in which indicated at 1 is an body 2 as shown in FIG. 2. 

ultrasound probe and at 10 is an operating unit. The 20 In this connection, the length of the insert body 2 
ultrasound probe 1 includes an elongated flexible insert between the connector arm 12 and the connector mem- 
body 2, a rigid tip member 3 attached to the fore end of ber 13 is preferred to be sufficient enough for securing 
the insert body 2, and an ultrasound transducer 4 con- smooth axial displacements of the ultrasound transducer 
sisting of a single vibratory element mounted in the 4 over the entire scanning stroke thereof, taking into 
rigid tip member 3 to serve as an ultrasound signal trans- 25 account the variations in length of the endoscope biopsy 
ducer. The operating unit 10 constitutes operating channel. In consideration of variations in biopsy chan- 
means for scanning the afore-mentioned ultrasound nel length between individual endoscopes and in length 
transducer 4 and at the same time as a position sensor of protrusion of the ultrasound transducer 4 from the 
means for detecting the position of the ultrasound trans- endoscope in scanning operations, the insert body 4 is 
ducer 4 within the scanning range thereof. The ultra* 30 fixed to the connector arm 12 at a suitable position 
sound transducer 4 of the probe 1 and the position sen- depending upon the location of the intracorporeal por- 
sor mechanism of the operating unit 10 are electrically tion to be examined or upon the handiness for the opera- 
connected to an ultrasound image observation terminal tor. Therefore, the insert body 2 is adjustably fixed to 
T through a flexible cord 30 for transmission of signals the connector arm 12. 

therebetween. 35 For the purpose of preventing positional deviations 
The rigid tip member 3 at the fore end of the insert of the insert body 2 relative to the connector arm 12 in 
body 2 of the ultrasound probe 1 is rotatable relative to fixed state, a metal connector pipe 14 is fitted on the 
the insert body 2, and the ultrasound transducer 4 has an insert body 2 within a receptacle hole 12a in the connec- 
ultrasound signal transmission-reception surface 4a tor arm 12. As shown in FIG. 4, the connector pipe 14 
faced toward an opening which is formed at one side of 40 is provided with an axial slit 14c, and an indented wall 
the rigid tip member 3. In this instance, the ultrasound portion 14b of a smaller diameter providing stepped 
transducer 4 is moved linearly in a predetermined direc- walls to be engaged with the edge portions of the recep- 
tion to scan an intracavitary wall portion over a prede- tacle hole 12a on the opposite sides of the connector 
termined length to obtain an ultrasound image of a cross arm 12. Further, the connector pipe 14 is provided with 
section of intracorporeal tissue. 45 a clamp ring 15 fitted thereon, so that the connector 
As shown in FIG. 2, the insert body 2 is composed of pipe 14 is contracted in diameter upon tightening the 
a flexible tube 5 which is formed of a smooth, flexible clamp ring IS with a screw ISa, within a range corre- 
material such as fluorine resin or the like to receive the sponding to the gap width of the slit 14a, thereby 
cable 6 therein. The cable 6 electrically connects the clamping the connector pipe 14 to the outer sheath 5a of 
ultrasound transducer 4 with the ultrasound image ob- 50 relatively high rigidity of the insert body 2 to fix the 
servauon terminal T along with the cord 30. The cable latter securely in position. Accordingly, after sliding the 
6 has a function of a control cable for turning, through connector pipe 14 to a suitable position along the sheath 
a remote control operation, the rigid tip member 3 on 5a, its reduced diameter portion 14b is fitted in the re- 
which the ultrasound transducer 4 is mounted. There- ceptacle hole 2a in the connector arm 12 to fix the con- 
fore, the cable 6 is constituted by a coaxial cable which 55 nector pipe 14 thereto, and then the clamp ring 15 is 
serves as an ultrasound signal line 7, and coil springs 8 tightened to fasten the connector pipe 14 to the insert 
which are intimately fitted around the signal transfer body 2, fixing the insert body 2 in an adjusted position 
line 7 in double layers (or triple layers) to transmit relative to the operating rod 11 of the operating unit 10. 
torque to the ultrasound transducer 4. These coil In this state, the operator puts a finger in the finger 
springs 8 are wound in opposite directions relative to 60 hooker ring 11a and pulls or pushes the operating rod 11 
each other, and have the respective fore ends securely in the axial direction, whereupon the insert body 2 in- 
fixed to the rigid tip member 3 to transmit thereto the eluding the cable 6 and the rigid tip member 3 is pushed 
torque of manual rotating operation when it is intended forward or pulled backward through the connector arm 
to turn the ultrasound transducer 4, in such a manner as 12 to move the ultrasound transducer 4 on the rigid tip 
to produce substantially the same propelling force in 65 member 3 in a desired direction, 
either rotational direction. While operating the ultrasound transducer 4 in this 
The base end of the insert body 2 of the ultrasound manner, the return signals are transferred to the ultra- 
probe 1 is detachably connected to the operating unit sound observation terminal T for signal processing, and 
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displayed on the terminal monitor M as an ultrasound 
image. In the signal processing, it is necessary to obtain 
not only the signals concerning the return echoes but 
also the signals concerning the position of the ultra- 
sound transducer 4. For this purpose, a rack 16 is 5 
formed within the casing lOa of the operating rod 11, 
the rack lOa being meshed with a pinion 17 on a rota- 
tional shaft 17a which is connected to an encoder 18 to 
detect the position of the operating rod 11 from the 
output signal of the encoder 18. The position signal 1° 
from the encoder 18 is transferred to the ultrasound 
observation terminal T. 

The operating rod 11 is constantly urged into the 
position indicated by imaginary line in FIG. 3, by the 
action of a return spring 20. The operating rod 11 is 15 
firstly pushed into the casing 10a by the operator 
against the biasing action of the return spring 20 into a 
displaced position indicated by solid line in FIG. 3, and 
then pulled in outward direction by the operator. By so 
doing, the ultrasound transducer 4 at the tip end of the 20 
insert body 2 is pulled in the direction of retraction into 
the endoscope S to effect a scan of that range. Further, 
for the purpose of detecting the end position of the 
inward stroke of the operating rod 11, a photosensor 21 
in the form of a photocoupler or the like is provided 
within the casing lOa to cooperate with a light shield- 
ing plate Mb which is provided at the fore end of the 
operating rod 11 in detecting the inner stroke end of the 
operating rod 11 to be used as a reference signal for 3Q 
determining the display end of the ultrasound image on 
the monitor M of the ultrasound observation terminal 
T. The positional reference signal from the optical sen- 
sor 21 is transferred to the ultrasound observation termi- 
nal T along with the output signal of the encoder 18. 35 

In this connection, the cord 30 which connects an 
ultrasound signal transmission-reception line 7 in the 
insert body 2 with the ultrasound observation terminal 
T also serves to supply the ultrasound observation ter- 
minal T with the signal of the position of the ultrasound ^ 
transducer 4 from the encoder 18 and the reference 
position signal from the optical sensor 21. For this pur- 
pose, the cord 30 includes an ultrasound signal transfer 
line 31 which is connected to the ultrasound signal 
transmission-reception line 7, a position signal transfer 45 
line 32 and a reference signal transfer line 33 (FIG. 5). 
The connector member 2a of the insert body 2 is de- 
tachably connectible to an electric connector member 
13 which is provided on the side of the casing lOa, and, 
when connected to the latter, functions to electrically 50 
connect the signal line 7 with the ultrasound signal 
transfer line 31 in the cord 30. 

In order to transmit ultrasound energy toward an 
imracorporeal portion, the ultrasound transducer 4 has 
to be located in a suitable position and directed toward 55 
the target imracorporeal portion. For this purpose, the 
cable 6 is arranged to be rotatable about its axis within 
the sleeve 5, permitting remote control of the direction 
and posture of the ultrasound transducer 4. Neverthe- 
less, the cord 30 which is connected to the ultrasound 60 
observation terminal T has to be retained in a fixed state 
relative to the connector portion 30a (FIG. 5). 

Accordingly, when the cable 6 is turned about its 
axis, it is necessary to prevent transmission of the turn- 
ing moment to the cord 30 which would otherwise be 65 
twisted. To this effect, the cable 6 and cord 30 are con- 
nected with each other through a rotary connector 13 
which permits relative rotational movements. 



As clear from FIG. 2, the connector member 2a of 
the insert body 2 is constituted by a coupler 22 to be 
detachably coupled with the rotary connector 13, and a 
rotator mechanism 23 to be manipulated to turn the 
rigid tip member 2 with the ultrasound transducer 4 
through remote control. 

In this instance, the rotator 23 is provided with a 
rotating ring 23a which can be manually turned with 
fingers or the like. The rotating ring 23a is fixedly fitted 
on base end portions of the coil springs 8 which form an 
outer shell of the cable 6. On the other hand, a fixed arm 
27 is connected to the base end of the sheath Sa of the 
insert body 2, which fixed arm 27 is engaged with an 
operating rod guide portion 10b of the casing lOa to fix 
the sheath Sa and the inner sleeve 5 in the rotational 
direction. Therefore, as the rotating ring 23a is turned 
with fingers, the coil springs 8 are turned together with 
the rotating ring 23a, causing the first cable 6 of the 
signal transfer line 7 to turn about its axis within the 
sleeve 5. 

The coupler 22 is detachably connectible to the ro- 
tary connector 13 by a snap action. 

Prior to going into the description on the construe-, 
tions of the coupler 22 and the rotary connector 13, the 
electric wiring of the ultrasound transmission and re- 
ception system is explained below. Namely, as shown in 
FIG. 5, the ultrasound transmission and reception sys- 
tem includes a transmission circuit 35 which drives the 
vibratory element 34 of the ultrasound transducer 4 to 
direct an ultrasound beam to an imracorporeal target, 
and a reception circuit 36 which receives the echo sig- 
nals from an imracorporeal structure. The signal lines 
from these transmission and reception circuits 35 and 36 
are integrated at a halfway position into a single trans- 
mission-reception line 37 which is connected to one 
terminal of the vibratory element 34. A grounding wire 
38 is connected to the other terminal 346 of the vibra- 
tory element 34. 

The ultrasound echo signal received by the reception 
circuit 36 is sent to an ultrasound signal processing 
circuit 36a to undergo predetermined signal processing. 
Along with the ultrasound echo signal, the ultrasound 
signal processing circuit 36a is supplied with a position 
signal of the ultrasound transducer 4 from the encoder 
18 via signal line 39 and comparator 44 which shapes 
the position signal into pulses, and with a reference 
position signal from the optical sensor 21 via reference 
position signal line 40. Based on the ultrasound echo 
signal, ultrasound transducer position signal and refer- 
ence position signal, an ultrasound image of scanned 
imracorporeal tissue is displayed on the terminal moni- 
tor M. 

More specifically, the signal transmission-reception 
line 37 and the grounding wire 38 are respectively di- 
vided into: wires 37a and 38a provided in the form of a 
coaxial cable to constitute the ultrasound signal trans- 
mission-reception line 7 in the cable 6; wires 376 and 386 
provided in the form of a coaxial cable to constitute the 
signal transfer line 31 incorporated into the cord 30; and 
wires 37c and 38c on the side of the ultrasound image 
observation terminal T. The wires 37a and lib as well 
as the wires 38a and 386 are connected with each other 
through the rotary connector 13 which permits relative 
rotational movements. The other ends of the wires 376 
and 386 are detachably connected to the wires 37c and 
38c, respectively, through the connector member 30a 

Accordingly, as clear from FIG. 6, the rotary con- 
nector 13 is constituted by a rotatable member 41 which 



09/25/2003, EAST Version: 1.04.0000 



5,150,715 

7 8 

is detachably connected to the coupler 22, and a fixed block light to the optical sensor 21 with the light block- 
member 42 which is constantly connected to the signal ing plate 116 at the inner end of the operating rod 11. By 
transfer line 31 of the cord 30. The rotatable member 41 so doing, it is detected that the ultrasound transducer 4 
is provided with electrodes 41a and 42a to which the is located in a scan initiating position, and this is trans- 
wires 37a and 38a are connected, respectively, and 5 ferred as a reference signal to the ultrasound signal 
which are electrically separated by an insulator 41c. processing circuit 36a through the reference signal 
The fixed member 42 is provided with electrodes 42a transfer line 33. Thereafter, while permitting the operat- 
and 426 xo which the wires 376 and 386 are connected, ing rod 11 to return under the influence of the action of 
respectively, and which are electrically separated by an the return spring 20 or by pulling it back with a finger, 
insulator 42c. The electrodes 41a and 42a and the dec- 10 ultrasound signals are transmitted and received through 
trodes 416 and 426 are connected with each other the signal transmission-reception surface 4a of the ultra- 
through a couple of contact portions of mercury, brush sound transducer 4, the received echo signals being sent 
or the like. to a signal reception circuit 36 through the ultrasound 
For the purpose of detachably attaching the cable 6 signal line 7 and the signal transfer line 31 in the cord 30 
to the rotary connector 13, the coupler 22 is formed of 15 and then to the ultrasound signal processing circuit 36a. 
a pin 22a and a cylindrical member 226, the pin 22a Concurrently, the position signal of the ultrasound 
being connected to the wire 37a of the ultrasound signal transducer 4, form the encoder 18, is dispatched to the 
transfer line 7 while the cylindrical member 226 is con- position signal transfer line 32, and after being shaped 
nected to the wire 38a of the signal transfer line 7. An into a pulse signal at the comparator 44, supplied to the 
insulating member 28 is interposed between the pin 22a 20 ultrasound signal processing circuit 36a. After predeter- 
and cylindrical member 226. Accordingly, the cable 6 mined signal processing through the circuit 36a, an 
can be attached to the rotary connector 13 by fitting the ultrasound image of the intracorporeal tissue under 
cylindrical member 226 on the electrode 416 of the examination is displayed on the terminal monitor M. 
rotatable member 41 and inserting the pin 22a in the In this instance, the insert body 2 is looped in its 
electrode 41a of the rotary connector 13. Further, the 25 proximal portion between the connector arm 12 of the 
coupler 22 is formed with a rib 29a on the inner surface operating unit 10 and the coupler 2a to the rotary con- 
of the cylindrical member 226, the rib 29a being engage- nector 13, so that, as the insert body 2 is manually pulled 
able with a groove 296 on the circumference of the back and forth for scanning the ultrasound transducer 4, 
electrode 416 to hold the coupler 22 securely and stably the looped portion serves to adapt the insert body to the 
on the rotary connector 13 free of staggering move- 30 pulling or pushing action without imposing tensile force 
ments or dislocations. As seen in FIG. 1, the sleeve 5 is to the terminal portion connected to the rotary connec- 
loosely received in a holder member 50 which securely tor 13. 

fixes the operating unit 10 to the rear end CE of a biopsy In order to perform the examination or diagnosis in 
channel C by way of a locking member 51 which is an efficient and accurate manner, the ultrasound trans- 
detachably engageable with the channel end CE. 35 ducer 4 on the ultrasound probe 1 need to be located in 
With the construction as described above, the em- a proper position with respect to the intracorporeal 
bodiment of the invention operates in the manner as structure to be examined or diagnosed, facing the trans- 
described below. mission-reception surface 4a accurately toward the 

In order to make an ultrasound examination or diag- target structure, 
nosis by means of the ultrasound-imaging diagnostic 40 In this regard, the position of the ultrasound probe 1 
system, firstly the endoscope S is inserted into the pa- can be controlled suitably by manipulating the insert 
tient's body until its fore end reaches an intracorporeal body 2 while viewing the probe position through the 
portion which needs examination or diagnosis. In this endoscope S, so that the ultrasound transducer 4 can be 
state, the holder member 50 on the front side of the located in a position of interest extremely easily and 
operating unit 10 is fixed to the rear end CE of the 45 smoothly. However, ultrasound examination or diagno- 
biopsy channel C. Thereafter, the insert body 2 of the sis of high accuracy cannot be attained simply by locat- 
ultrasound probe 1 is inserted into the biopsy channel C ing the ultrasound transducer in a position to be exam- 
of the endoscope S so that the rigid tip member 3 is ined or diagnosed. Namely, in a case where the trans- 
protruded out of the fore end of the endoscope S by a mission-reception surface 4a of the ultrasound trans- 
predetermined length. The connector pipe 14 which is 50 ducer 4 is in a certain relationship with an intracavitary 
fitted on the base end portion of the insert body 2 is then wall, that is to say, in a case where the transmission- 
fixed to the connector arm 12, and the coupler 22 at the reception surface 4a is in intimate contact with an intra- 
connecting end 2a of the insert body 2 is joined with the cavitary wall or intervened by ultrasound transmissive 
rotary connector 13 on the side of the operating unit 10. substance like water, it is necessary to orient the trans- 
Further, the fixed arm 27 is connected to the operating 55 mission-reception surface 4a substantially in parallel 
rod guide 106, and the connector member 30a of the relation with the intracavitary wall. As a result, there 
cord 30 is connected to the ultrasound observation ter- arises a necessity for controlling the direction and pos- 
minal T. ture of the rigid tip member 3 which supports the ultra- 
While observing through the endoscope S, the rigid sound transducer 4, and this control has to be done with 
tip member 3 of the insert body 2 is located in an intra- 60 strict accuracy in view of the directionability of the 
corporeal position to be examined or diagnosed. Then, ultrasound. 

the rotator mechanism 23 is manipulated to turn the In order to orient the transmission-reception surface 

signal transmission-reception surface 4a of the ultra- 4a in a particular direction through control of the direc- 

sound transducer 4 toward an intracavitary wall in a tion and posture of the ultrasound transducer 4, the 

predetermined positional relationship therewith. 65 rotating ring 23a of the rotator mechanism 23 on the 

In this state, by manipulating the finger hooker ring operating unit 10 is turned in a desired direction. By so 

11a on the operating rod 11, the operating rod 11 is doing, the cable 6 which is connected to the rotating 

pushed into the casing 10a of the operating unit 10 to ring 23a is turned about its axis and twisted as a whole 
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wiihin the sleeve 5a which is secured to the fixed arm 

12. Since the fit-on coil springs 8 which sheathe the 
cable 6 are connected to the rigid tip member 3, they 
transmit turning moment to the rigid tip member 3, 
turning same about its axis to turn the transmission- 5 
reception surface 4a of the ultrasound transducer into a 
proper operating direction. At this time, the ultrasound 
signal line 7 is turned with a fit-on coil spring 8. 

The cord 30 which is connected to the ultrasound 
observation terminal system T is therefore fixed against 10 
rotation about its axis. Accordingly, when the cable 6 is 
turned, the cord 30 might be twisted due to transmission 
of turning moment. However, since the rotary connec- 
tor 13 is interposed between the cable 6 and cord 30, the 
rotation of the rotating ring 23a on the rotator mecha- 15 
nism 23 is transmitted to the rotatable member 41 of the 
rotary connector 13 through the coupler mechanism 22, 
idling the rotatable member 41. 
. Namely, when the rotating ring 23a on the rotator 
mechanism 23 is turned, the cable 6 and the rigid tip 20 
member 3 is turned therewith, accompanied by rotation 
of the coupler 22 as a whole and of the rotary connector 

13, without transmitting rotational force to the side of 
the fixed portion 42 which is relatively rotatably con- 
nected with the rotatable member 41. Accordingly, no 25 
twisting force is exerted on the cord 30 with the con- 
nector 30a which is connected to the ultrasound obser- 
vation terminal T. 

Consequently, there is no possibility of the ultrasound 
transducer 4 being spontaneously rotated by righting 30 
moment which would otherwise be transmitted to the 
cord 6 when the cord 30 is twisted. Besides, even if the 
rotating ring 23a of the rotator mechanism 23 is turned 
repeatedly in the same direction for the purpose of 
controlling the direction and posture of the ultrasound 35 
transducer 4, the wires between the ultrasound trans- 
mitter-receiver 4 and the ultrasound observation termi- 
nal T are free from disconnection which might be 
caused by accumulation of twists. 

Thus, there is no need for restricting the rotational 40 
angle of the rotating ring 23a of the rotator mechanism 
23, which can be turned freely in any direction to pro- 
vide improved operationability in controlling the direc- 
tion and posture of the ultrasound transducer 4. 

Although the ultrasound probe 1 is shown as being 45 
inserted into patient's body through an endoscope in the 
above-described embodiment, arrangements may be 
made to insert the ultrasound probe itself into an intra- 
cavitary portion to be examined or diagnosed. Further, 
the rotary connector 13 may be provided at any posi- 50 
tion between the proximal end of the insert body 2 and 
the ultrasound observation terminal T. For example, it 
may be provided on a connector to the ultrasound ob- 
servation terminal T instead of the operating unit 10. 
Moreover, the ultrasound transducer may be arranged 55 
to be moved in the rotational direction in the scanning 
operation. Although the rotary connector which is 
constituted by a slip ring or the like has been shown as 
having a couple of electrodes on each of its rotatable 
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and fixed sides, it is to be understood that there are no 
particular restriction on the number of electrodes, 
which may be determined arbitrarily depending upon 
the number of wires to be connected by the rotary 
connector. 
What is claimed is: 

1. An ultrasound imaging system, comprising: 

an ultrasound probe having an elongated flexible 
body rotatably supporting an ultrasound trans- 
ducer on a tip end portion; 

an operating unit including means for scanning said 
ultrasound probe; 

a flexible cord having one end thereof securely fixed 
to said operating unit and the other end detachably 
connected to an ultrasound image observation ter- 
minal; 

a rotary connector comprising a rotatable member 
having at least one rotatable electrode, a fixed 
member having at least one fixed electrode, and a 
fluid contact interposed between said rotatable and 
fixed members to electrically connect said rotat- 
able and fixed electrodes with each other; and 

a cable having a rotatable cable portion one end being 
fixedly wired to said ultrasound transducer and 
another end being detachably coupled with said 
rotatable member of said rotary connector, and a 
non-rotatable cable portion one end being fixedly 
wired to said fixed member of said rotary connec- 
tor and a connector to be connected with said 
ultrasound image observation terminal. 

2. An ultrasound imaging system as defined in claim 
1, wherein said ultrasound probe comprises multiple- 
layer coil springs fitted in a flexible sleeve, said coil 
springs having fore ends thereof securely fixed to said 
ultrasound transducer and the rear ends securely fixed 
to a rotational operating member coupled with said 
operating unit in such a manner as to permit the opera- 
tor to torsionally turn said coils within said flexible 
sleeve by manual operation. 

3. An ultrasound imaging system as defined in claim 
1, wherein said rotary connector is mounted within a 
casing of said operating unit. 

4. An ultrasound imaging system as defined in claim 
3, wherein said ultrasound probe has the base end 
thereof detachably connected with said rotary connec- 
tor. 

5. An ultrasound imaging system as defined in claim 
1, wherein said operating unit comprises an operating 
rod manually movable in axial direction and releasably 
connected to a base end portion of said ultrasound 
probe body to displace same in the axial direction for 
linearly scanning said ultrasound transducer. 

6. An ultrasound imaging system as defined in claim 
5, wherein said base end portion of said ultrasound 
probe body is loosely extended between said operating 
rod and said operating unit to permit to permit axial 
forward and backward displacements of said probe 
body in scanning operation. 
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